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Abstract
Our overarching goal is to provide children with immersive game-based learning environments to support Arabic linguistic skills acquisition. We postulate that immersion increases learning. To investigate this hypothesis, we developed a model and built an implementation of an educational virtual environment (EVE) that supports immersion and thus,
induces effective learning. Experimental results confirm our hypothesis.
Our model integrates learning content, learning activities, immersion and gameplay.
Based on our analysis of various curricula, specifically the United Arab Emirates grade one
curriculum, we identified the nature of the learning content in order to satisfy the curriculum requirements. This content is conceptually structured to support gradual and independent
learning. Acquiring knowledge from the learning content involves a learning process that
we operationalize as a set of well-defined cognitive activities, which are categorized as perception, recognition, association, composition and recall. Accordingly, gameplay events and
actions are designed to afford and instantiate these activities to engage the learner. Besides
gameplay, engagement is explicitly addressed by modeling immersion using three different
dimensions (sensory, imaginative and challenge-based).
Our implementation is a 3D virtual reality game that captures various learning environments, each of which provides adventure, exploration, and learning. The gameplay engages players into learning activities that stimulate their senses, challenges them, and keep
them absorbed in their quests. The implemented system runs on PC’s with Occulus and on
smart phones with virtual glasses. These configurations were used in experiments in the laboratory, at a primary school, and in informal settings to measure immersion and learning.
Results show that our model contributes effectively to immersion and learning.

Keywords: Game-based learning, educational games, immersive worlds, virtual reality, virtual reality glasses, wearable devices, immersion, engagement, effect size.
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)Title and Abstract (in Arabic
نموذج للتعلم الغامر
الملخص
ب تعليمية تمكنه من االندماج في بيئة اللعب لمساعدته
هدفنا الرئيسي هو تزويد األطفال بألعا ٍ
على اكتساب المهارات اللغوية المتعلقة باللغة العربية .قمنا بافتراض أن عملية الدمج تساعد على
زيادة كفاءة التعلم .و إلثبات هذه الفرضية لجعلها نظرية ،عملنا على تطوير نموذج و بناء بيئة
تعليمية افتراضية تدعم عملية الدمج في بيئة اللعب ،و منها ،تحث على التعلم الف َعال .نتائج التجارب
التي أجريناها تثبت الفرضية التي افترضناها.
النموذج الذي طورناه يجمع بين المحتوى التعليمي ،و األنشطة التعليمية ،عملية الدمج ،و
طريقة اللعب .باالعتماد على تحاليلنا لمختلف المناهج ،و تحديدا ً منهج الروضة لدولة اإلمارات
العربية المتحدة ،قمنا بتعريف طبيعة المحتوى التعليمي بما يتماشى مع متطلبات و أهداف المنهج.
المتدرج و الذاتي .اكتساب المعرفة من المحتوى التعليمي
تم تشكيل هذا المحتوى لدعم التعلم
ّ
يتضمن عملية تعلّم تم تفعيلها كأنشطة إدراكية ،و التي تتضمن اإلدراك ،التمييز ،الربط ،التركيب،
و التذ ّكر .و وفقا ً لذلك ،تم تصميم األفعال و األحداث المرتبطة ببيئة اللعب لمنح هذه األنشطة التي
تساهم في دمج المتعلّم .باإلضافة إلى طريقة اللعب ،تم التطرق إلى عملية الدمج بوضوح عن
سي ،الدمج الخيالي ،والدمج المرتيط بالتحديات.
طريق قولبة ثالثة أبعاد هي ،الدمج الح ّ
تطبيقنا هو لعبة تعليمية افتراضية ثالثية األبعاد تحتوي على مختلف البيئات التي من خاللها
يستطيع الالعب المتعلّم أن يغامر ،يكتشف و يتعلم .طريقة اللعب تقوم بدمج الالعب بأنشطة التعلّم
التي تُحاكي أحاسيسهم ،و تضع أمامهم التحاديات ،و تجعلهم مندمجين في مهماتهم .تم تصميم
النظام للعمل على الحاسب المحمول مع جهاز العالم االفتراضي ،كما يعمل على أجهزة الهواتف
المحمولة و التي يتم وضعها في نظارات العالم االفتراضي .تم استخدام هذه المعدات في التجارب
التي أجريناها في المختبرات و صفوف الروضة من أجل قياس معدّل التعلم و الدمج لدى الالعب
المتعلّم .و أظهرت النت ائج بأن النموذج الذي قمنا ببناءه يساهم على التعلم و الدمج في بيئة اللعب
بشكل فعّال و ملحوظ.
مفاهيم البحث الرئيسية :التعلم عن طريق اللعب ،األلعاب التعليمية ،البيئات االفتراضية ،العالم
االفتراضي الحقيقي ،نظارات العالم االفتراضي ،أجهزة يمكن ارتداؤها ،الدمج ،الربط ،حجم
التأثير.
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Chapter 1: Introduction
1.1 Motivations

Acquiring solid linguistic skills in early childhood lays the foundations for success at
school and in life, for language provides the necessary tools to communicate, share thoughts,
and express sophisticated ideas. A mastery of linguistic skills helps the child develop the
ability to readily understand and use new concepts and ideas from the various fields of study
[1]. Deficiencies in these skills lead to limited comprehension and hinder further intellectual
development [2, 3].
Typically, learning is defined as the process of acquiring knowledge, skills, attitudes,
and behaviors [4]. However, as reported in [5], the large number of competing learning theories is made more challenging by the complexity of the learning process concept. Some
definitions follow. Learning is the process that occurs in an interpersonal and group context,
and it is always composed of an interaction of factors to which we append labels such as motivation, cognition, emotion or affect, and attitude [6]. Also, it has been defined functionally
as changes in behavior that result from experience or mechanistically as changes in the organism that result from experience. It is also defined as an adaptation, that is, as changes in the
behavior of an organism that result from regularities in the environment of the organism[7].
Technology, specifically virtual reality and smart devices and their ubiquitous presence, offers opportunities to support learning resources outside the classroom. Smart devices
have grafted themselves into our bodies and our environment at large, thus extending individual and collective capabilities ([8, 9, 10, 11]). Connectivity and accessibility to resources
provide users with sophisticated forms of play, communication, collaboration, and knowledge acquisition. In this context, learning in cyberspace (i.e., cyber-learning) has become a
pervasive and dominant activity [12]. Cyber-learning promotes constructivism in order to afford learners independence, exploration, self-discovery, and knowledge construction. Consequently, novel models are being proposed to support and enhance the current educational models by integrating technology, learning, and playing, resulting in what is generically termed
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“smart learning”. Smart learning provides capabilities to support the learning process through
guidance, customization, independent knowledge construction, interactivity, and accessibility [13]. Game-based learning (GBL) is one example of smart learning, which integrates
gameplay and explicit learning outcomes. Smart learning aims to have specific, measurable,
attainable, relevant, and time-limited learning contents.
The general definition of game-based learning integrates the definitions of two gamerelated concepts and learning. The first one is “game", which is defined as “Any contest (play)
among adversaries (players) operating under constraints (rules) for an objective (winning)”
[14]. The second definition introduces the notion of “gameplay”, a fundamental feature of
games, which is defined as “the level and the nature of interactivity the game has, i.e, the
ability of the player to interact with the game-world and the way the game-world reacts to the
decisions the player made” [14]. Thus, GBL is defined as “a computer game-based approach
that has the ability to foster the learner who plays to improve his learning motivation and to
deliver, support and enhance, teaching, evaluation and assessment” ([15], [16]). GBL uses
features of computer and video games in order to create immersive and engaging educational
environments to deliver specific outcomes such as events and learning goals [17].
1.2 Literature Review

In this section, we will discuss some different experimental-based researches that have
been done to discuss the effects of game-based learning on the learning process.
There is a wide agreement among researchers that games can effectively improve education and be helpful and useful for teaching complex concepts and skills [10]. Several
comprehensive meta-analyses demonstrate the positive impact of GBL on learning ([18, 19,
20, 21, 22]). In [18], the authors used meta-analytic techniques to investigate whether serious
games are more effective and motivating than instruction-based methods. Their investigation
included papers related to game-based learning previous meta-analyses dealing with effectiveness of serious games. Experiments in the analyzed literature collected data on control
and experimental groups, whose received the same learning content. Analysis of effect sizes
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reported in these experiments confirmed the following hypothesis:
Serious games support the retention of the material for a long term. Also,
instruction with serious games yields higher learning gains in the following conditions:
• Irrespective of whether they are presented alone or supplemented with other
instructional methods (but they become less motivating when they are combined with other methods).
• When they are played in contrast to the mixed instructional method that
combines the passive (lectures, PowerPoint presentations, and papers) and
the active (with exercises) learning methods together, but not for passive
learning or active learning.
• When they are played in multiple training sessions not only one session.
As stated in [23], when the effect size exceeds the magnitude of 0.25 (a standard value
indicates that games are educationally significant ), changes in the learning process become
noticeable. The results shown in Figure 1.1 of the meta-analysis confirmed that there were
significant changes in the performance of the learners as the magnitude was higher than 0.25.
Games allow players to acquire new skills, as different kinds of games cover different kinds
of themes. In addition, games support the retention of the material for a long time. Also,
the learning outcomes and knowledge gained using games are higher compared to the normal
instructional methods.
The second meta-analysis study [19] was carried out on on-line instructions research
papers to examine the effectiveness of web-based instruction (WBI) in comparison to the class
room instruction (CI). The main goal of this study was to assess whether WBI and WBI-S
(CI supplemented by WBI) are effective while teaching declarative (passive) and procedural
(active) knowledge. The researchers used a multi-dimensional framework of learning that
addresses affective, cognitive (facts or definitions) and skill-based (procedural) learning. They
compared WBI and WBI-S to CI in terms of their effectiveness for teaching declarative and
procedural knowledge. The study reported results which showed that:

4

Figure 1.1: Main Effects for Learning, Retention, and Motivation Comparing Series Games
with Other Instructional Methods.
• WBI is more effective than CI for teaching declarative knowledge when used with other
methods (WBI-S) and when the learners are afforded a high level of control (the extent
to which trainees have control over their learning experience by affecting the content,
sequence, or pace of material).
• CI is more effective than WBI for teaching declarative knowledge when trainees were
randomly assigned to courses.
• WBI and CI are equally effective for teaching procedural knowledge.
A simple goal of GBL is to support the acquisition of knowledge that is comprehensive. As such, it covers learning contents and outcomes from various subjects, such as
information technology, engineering, sciences and many others. Players (i.e., learners) are
engaged in learning by being challenged to perform a variety of cognitive tasks, such as information collection, analysis, decision-making, reasoning, problem-solving and other physical
and intellectual activities. As a simple example, learning the alphabet by children involves
interacting explicitly with shapes, sounds, and images, and implicitly with meanings, relationships, and composition. Learners engage in the knowledge acquisition process through
pattern recognition, meaning formation, concept association, and concept composition.
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Research shows the efficiency of multimedia in supporting learning outcomes, and
games are one of the resources that provide multimedia for the players([24]).
The authors performed an experiment on 100 psychology and education students. The
subject of the experiment was to understand why there exit time differences among countries.
Students were divided into control and experimental groups and were provided with learning
material distributed among the two groups, such as in the experimental group included 22
cards (paragraphs) with 2750 words about time and date differences on the earth supported
with different kinds of pictures, and in the control group, texts were presented without pictures. A pre-test and a post-test were administered to the students. The pre-test was to assess
the students’ domain-specific prior knowledge. The post-test given to both groups to assess
the extent of the knowledge they acquired.
After calculating the means and standard deviations of the learning outcomes, participants with interactive pictures performed significantly better on the time-difference task than
participants with non-interactive pictures.
In [25], the authors tested some games that provide a context supported with sound
and images. They studied the effect of three basic properties of sound, which are volume,
timing, and source on player engagement. They found that both timed and un-timed sources
of sound affect the player senses and feeling, leading to a state of engagement.
Given that motivation is fundamental to any learning activity, the research in [26]
identifies some of the game characteristics that contribute to motivation. The author analyzed
various educational games and concluded that students are motivated through: competition
and goals, as players feel personal attachment to a goal, rules, choice, fantasy, and challenges.
In some games the goals are based on competition that if the player wishes to reach the goal
he has to compete. For the player to improve their avatar, civilization, business or city, they
must complete prerequisites and sub-goals such as beating a non-player character or having
a certain number of coins. Such competition motivates the learners to complete the game
activities because they want to win.
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Rules define constraints that limit the decisions players make while playing. Game
rules allow to explore game environments and test hypothesis to fulfill the goals. E.g., if the
player hits the right answer he gets points and if he chooses the right path he will survive and
vice versa. The degree of flexibility to make decisions and to choose from a variety of paths
in order to achieve success helps players develop a knowledge base that is flexible enough to
be used in other contexts.
Various types of choices are provided in games. Expressive choices allow the player to
improve avatar, city, business and civilization which makes him develop a sense of pride in the
accomplishments he made. This can help the learner progress in the game because he wants to
improve his avatar. Strategic choices support the ability to change the game attributes, such as
the level of difficulty, which help motivate players, because they are given more challenging
problems. Tactical choices allow the player to make his own decisions on how to play the
game.
In a game, completing some challenges will lead players to more advanced levels
that contain complex challenges. This state provides the player with further opportunities to
acquire more skills and face greater challenges, thus creating a context that induces a sustained
level of motivation.
Fantasy is a reward that is acquired when the player completes successfully a challenge. Fidelity is a type of fantasy. Fidelity can be represented in the game by using graphics,
audio and video and virtual worlds which authentically represent reality which can create an
exciting and immersive context.
Competition and goals, rules, choices, fantasy, and challenges can be impeded in any
game that’s promoting motivation.
1.2.1 Educational Games

“Educational games are games that are designed to help people to learn about certain
subjects, expand concepts, reinforce development, understand a historical event or culture, or
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assist them in learning a skill as they play. Game types include board, card, and video games."
[27]
Studies show that educational games are more effective in achieving learning outcomes and can be useful for teaching complex concepts and skills [28]. Baker [29] examined
an off-the-shelf flight simulator game in an air crews training. He found that pilots showed
positive responses to this type of training, affirming the potential use of the game as a training
tool. Gopher and Barket [30] studied the effectiveness of low-fidelity games on learning flight
skills. They experimented with a game to train pilots flight skills and the results showed a
noticeable increase in the trainees’ flight skills.
In our research we analyzed some of what we think are good educational games that
teach languages especially Arabic Language.
An educational game called Kios Journey (see Figure 1.2) teaches mathematics for
middle school students. It is a 3D computer game that combines learning and playing. Studies to investigate the benefits of the game showed a high impact on students in low-income
schools in New Mexico (USA).

Figure 1.2: Kio’s Journey Game
Figure 1.3 shows the results of this study conducted on a population of 5th to 8th grade
students between 2004-2007 assess to their proficiency in mathematics. Students were divided
into two groups: one followed the normal teaching methods and the other group engaged in a
math game. As the chart shows, students who used math games in their study (gray) acquired
a higher proficiency level compared to the other group who did not use math games (brown).
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Such a study demonstrates that games can help in teaching and improving students educational
levels.

Figure 1.3: Relation Between Math Games and Students Performance in Mathematics
Another game is (ABC Alphabet Puzzles). It is deployed on Apple tablets and is an
educational game that teaches English basics for preschool children from 2 to 6 years old.
It teaches the alphabet from A to Z. Also, it teaches new words, shapes and spelling. ABC
Alphabet Puzzles is a static game and has a cartoonish presentation, which we think attracts
the attention of the child.

Figure 1.4: ABC Alphabet Puzzles Game
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Noor Al Bayan is a program for teaching children Arabic language with inspiration
from the Holy Quran. It is a static computer game that teaches the Arabic alphabet with
sounds, Arabic basics, and words.

Figure 1.5: Noor Al Bayan Game
Another game for teaching Arabic language is Arabic School. This game teaches the
Arabic language for non-Arabic people. It teaches the letters, the sounds, and some Arabic
words.
Unfortunately, there are not enough good games for learning the Arabic language
and the available ones miss the fun part and have low effectiveness in teaching the Arabic
language. This is because of the lack of interest in developing such games and most of the
developers cannot integrate entertainment and language learning. This can be obvious in the
games we found in the Apple store for example. In the Apple applications store, we notice
a clear shortage in the games that teach Arabic language. Also the games that are available
have no balance between entertainment and the learning material represented.
Figure 1.7 shows examples of some educational games that teach Arabic language.
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Figure 1.6: Arabic School Game.

1.2.2 Immersion and Immersive Educational Games

The advantage of utilizing technological tools to support learning is that learners are
exposed to various modalities (visual, auditory, and tactile). Not only multimodal presentations, such as virtual reality, enhance the learning process, they also motivate and engage the
learner [31]. Various research experiments to assess the impact of virtual reality on the brain
have been reported.
From an operational perspective, the learning process is considered as a set of activities that involve recognizing, perceiving, debriefing, recalling, locating, and classifying the
learning context [32]. One way to foster the learning process, including its cognitive activities, is to provide an immersive environment where the learner participates in a comprehensive, realistic experience, and is motivated and engaged totally in the learning process [33].
Interactive media, such as virtual reality, support various degrees of digital immersion which
provides an escape for the players from everyday life. Studies show that immersion enhances
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Figure 1.7: Children Educational Games
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education in three ways: allowing multiple perspectives, suitable learning, and learning transfer [33]. Games do provide immersive contexts that monopolize the senses, engage the player
psychologically and require physical actions [25].
One of the major characteristics of video games that is highlighted in the studies we
reviewed is their ability to create an immersive experience [34]. Immersion is the perception
of game’s reality, the degree of focus, the feel of presence, involvement, and engagement in
this reality [35]. It is an outcome of a deep, yet effortless, involvement, feel of control, flow
state, and enjoyment [34]. Each one of these components and outcomes are explained as
follows:
• Control is the extent to which the player feels empowered to create changes in the game
environment and his ability to influence the game environment and to manipulate the
game and make their intent manifest [36].
• Flow is an experience resulting in intense engagement, heightened motivation, receptiveness to information, and diminished perception of time. And it is an outcome of
the ability to concentrate on the task, clear task goals, immediate feedback, a sense of
control over actions, deep but effortless involvement, loss of concern for self, and an
altered sense of time [35].
• Involvement is an element that requires a task to accomplish, and an unimpeded ability
to concentrate on this task and its an outcome of having control in the game [37].
• Presence refers to the temporary acceptance of a game’s reality over the real world, and
is characterized by the feeling of being there [34].
• Engagement refers to deep involvement with a game and it stems from gameplay rather
than narrative or sensory stimuli [34].
Immersion, as an element included in virtual educational games, has the ability to
support effective learning [38], [39], [40], [41], [35], [42], [43].
The research in [44] proposed a game experience model called CSI model which
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claims that there are three key dimensions that contribute to immersion. These are: (1) imaginative immersion; (2) challenge based immersion; and (3) sensory immersion.
To test the model and examine how the different aspects of immersion appear in the
game, the researchers conducted an experiment, inn which participants aged between 12 and
40 years old played some games with PC computers and other games with PlayStation 2.
They invited players who play popular games to evaluate their experiences of these games.
The games were chosen depending on two factors: the researchers tried to cover as wide a
range of different genres as possible, and they chose the games that are played the most among
the players. The researchers constructed a questionnaire of thirty questions that address the
three dimensions of immersion (the sensory, the imaginative, and the challenge based immersion) and response given in a 5-point Likert scale. The scale of the sensory immersion
contained questions related to the capturing of the senses done by the game. The scale of
challenged-based immersion contained questions related to flow-like experiences (e.g. “the
game challenged me to strive to the limits of my abilities"). The scale of imaginative immersion measured how the player was involved in the game.
After analyzing the data of the questionnaire, the researchers found that the results
support the SCI-model and all the games supported immersion but each one of them promoted
one kind more than the others. Figure 1.8 shows the results of the questionnaire.
The authors in [43] designed a virtual world platform called virtUAM to explore the
educational and motivational potential of virtual worlds in combination with game like applications. After the experience they did, they found that games facilitate and foster the learning
process, the immersive environments and presenting vocabularies in a context facilitates the
understating and the learning processes. Also, they found that game features such as competition motivates students to be more active and makes them challenge themselves to win the
game and the subjects of the experiment said educational games provide many opportunities
for interaction.
The authors in [38] developed a tool called System of Augmented Reality for Teach-
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Figure 1.8: The Average Amount of Each Immersion Type Reported by the Players in Different Digital Games
ing (SMART) that was shown to be an effective tool in maintaining high levels of motivation
among children, and also that SMART has a positive impact on the student learning experience, especially among the weaker students.
The experiment was conducted in three schools, it contained a control group and an
experimental group. Each group was given a pre-test, a post-test, and an augmented session.
The control group held a traditional learning session while the experimental group started
with the students trying SMART system. While using SMART, the students were videotaped.
The researchers analyzed all the recorded videos to gather the results on motivation levels and
students’ reactions while using SMART. The experimental group performed a pretest and the
average degree gained by each group is calculated by the following formula: <g> = (post-test
in the post-test and pretest percentage is the percentage of correct answers in the pretest.
The results from the experiment done on the students using SMART showed that
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the evolution in the learning process of the experimental group is higher in comparison to
the control group. Also, it’s been noticed that the virtual worlds are powerful in triggering,
initiating and sustaining motivation in the immersive virtual environment among the students.
Moreover, the researchers concluded that AR (Augmented reality) combines the visual and
the sensory information, which support the cognitive and learning experience that changes the
way the content is understood. Figures 1.9 and 1.10 show the results of SMART experiment.

Figure 1.9: The Effect Sizes Calculated for the Control Group
Various experiments have been conducted to measure immersion. In [39] an experiment in which virtual reality was used along with the FMRI (Functional magnetic resonance
imaging) technique. In this experiment three systems (Presentation system, Data acquisitions
system, and Data analysis system) were used together to help measure the effect of virtual
reality on the states of the mind.
Using this framework they performed an FMRI-VR experiment to measure the states
of the player’s brain while playing a 3D virtual reality game. The experiment was held on
four subjects aged between 23 and 31. They played a first person shooter game navigating
in a 3D virtual city map. The avatar that represented the virtual character in the virtual environment was controlled by pressing four MRI-compliant buttons inside the scanner: move
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Figure 1.10: The effect sizes calculated for the experimental group
forward, move left, move right, and move backward. The researchers listed the brain parts
that was activated as a result of the FMRI-VR experiment measurements. The results of the
experiment supported the fact that the subjects who experienced the game confirmed the feeling of motivation and attention while using the virtual environment paradigm which is been
confirmed also as being an immersive and highly realistic tool.
Another experiment for using the FMRI while playing violent video games has been
done in [40]. The goal of this experiment is to investigate the neural activities of the behavior
that presented during playing first personal shooter game.
The experiment was performed on thirteen German volunteers aged between 18 and 26
years who played first person shooter game for 5 hours a week. While playing the game, brain
activity was obtained by means of fMRI within 12 minutes. The researchers rated how and to
what extent the subjects interacted violently within specific virtual game environments while
passing through five phases. First, passive/dead phase where no violent interactions occurred.
Second phase is preparation/search when the player explored the environment without any
opponent in the player’s field of view. Third, the potential danger phase where there are some
opponents appearing in the field of view and there are violent interactions expected. Fourth,
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the under attack phase, where the player is attacked by an opponent and there are some violent
interactions happening. The last phase is the active fighting where the player uses his weapons
intensively and many violent interactions are happening.
The researchers compared brain activity of the player while facing violent interactions
(third, fourth, and fifth phases) and when no violent interactions happening. Then, they described the brain areas that were significantly influenced by the five different game phases.
The results showed there was an activation detected in some areas of the brain while playing
violence games.
The authors in [25] postulated that immersion in games occurs when it monopolizes
the senses. They performed an experiment to show that using sound and visual effects in
games can effect emotions and promote fear and anxiety.
Thirty four students, 26 years old on average, participated in an experiment in which
they played a horror game (Gears of War 2007) for eleven hours a week. The goal of the
experiment was to study the effect of three basic properties of sound which are volume, timing,
and source on participant emotions. During the experiment, and for the volume test, the
subjects heard one selected sound of wolf howl, gunfire, or wretch growl. Also, for the timing
test, they heard one selected sound of thunder, boomer growl, or creaking door. For the
source test, they heard one selected sound such as locust growl, glass shattering, or footsteps.
Quantitative data using 7-point self report surveys and qualitative data were gathered and
analyzed.
The results showed that: high volume, synchronized sound with the corresponding
visual stimulus, and visibly sourced sound effects are more effective at creating fear, and low
to medium volume, scary, eerie or mysterious acoustic sound effects are more effective at
creating anxiety, with no difference between timed and untimed sound effects for anxiety.
The flow state is one of the game attributes that triggers immersion. While playing
a game the flow state can be reached when the player’s skill level is balanced with the game
challenge level. It’s reached if the skill and the challenge are at the same level without the
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player being overwhelmed, feeling the anxiety or feeling bored [45].
In [4], a group of researchers provided empirical evidence for a flow model derived
from Kiili’s flow model in game-based learning [45]. The flow model assumes that the relationships between the flow components it contains lead to an experience of immersion state.
They performed an experiment in which they tested their flow model to understand the relationship between flow, games, and learning. They used an established immune system training
game to examine part of the model on a group of students. The experiment was performed on
77 undergraduate volunteers, with age between 18 and 27 years old. They engaged in game
play across multiple rounds while the flow state, play experience, and emotional experience
variables were collected in parallel. The participants played the InnerCell game which is used
to investigate the different game attributes on learning such as control, self-efficacy, story, real
world, etc. To be able to measure flow, additional attributes were added to the game, such as
feedback in the form of combat animation.
Before the players start experiencing the game, they completed a computer playfulness
scale and a video game self-efficiency scale. After they played the game they answered the
play experience scale, flow state scale and an intrinsic motivation scale. Scales ranged from
strongly disagree to strongly agree.
After the audience responding to the scale questionnaires, the correlations, means
and standard deviations were calculated from the experiment data.the analysis showed that in
some rounds play, performance and emotions lead to a variance in flow state. In other rounds,
they discovered that flow experiences affected emotional experiences and performance [4]. It
also confirmed that the flow model has an impact on the learning process and contributes to
immersion states when it’s components interacts with each others.
This empirical validation was derived by using an off-the-shelves game that only provides some of the flow components needed to test their relationships. Generally, most of the
research on flow studies tries to include more flow components in their own game implementations in order to address the limitations of off-the-shelves games. Moreover, there are
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several factors and elements contributing to immersion and the cited research focuses only on
the flow factor.
In the field of games, the flow experience maps well against the immersion process
that the players experience while playing [41]. Flow describes a state of complete absorption
or engagement in an activity and refers to the optimal experience [35].
1.2.3 Players and Games Features

Players play a main role in the process of effective learning via educational games.
Some of the experimental studies examined the way players respond to game attributes and
features and clarified the relationship between players and gameplay that could drive immersion element in the game which accordingly fosters effective learning [42], [46], [47], [48].
There are different kind of immersions that games offer and each one of them require different
game attributes and player features to be exposed [49]. Sensory immersion element depends
on the emotional experience the player shows while playing a game where the sounds and the
graphics are balanced and constructed in a way affects his feelings and fosters his emotions
([50], [25]). When the game environment is real enough and constructed with a story that clarifies the goal of the game to the player, the player becomes absorbed in the word and will have
a sense of personal control which will make him identifies with the game character. And all
of that contributes to the imaginative immersion ([51], [49], [42],[52], [53], [54], [55],[56]).
In his gaming model [42], Kiili discusses how players respond to game challenges and game
objectives in a way that affects their perception of the learning content. When the challenges
balanced with the player skills in the game, the player can fit the flow state which causes the
challenge-based immersion. As discussed previously, there are some other attributes mentioned by ([35], [42],[52], [57], [58], [59], [60]) proved to be causers of challenge-based
immersion which are: clear goals, game feedback, self-efficiency, intrinsic motivation and
playfulness.
Games features and players features are discussed in details in the next sections.
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1.3 Problem Definition

An important factor that GBL addresses is the lack of motivation for learning in traditional settings. A study found [28] out that 70% of high school students left school because
they were not interested or motivated to continue their education. Moreover, a pan-European
survey of five hundreds teachers showed that motivation was increased when computer games
were included into the educational process [28].
Moreover, despite a large body of literature supporting the positive impacts of GBL on
learning, others see that GBL research has been based on claims that cannot be substantiated
[18].The authors in [18] state that games are no more motivating than instructional methods
used in the control group. A reason, as the authors stated, is attributed to the fact that game
content and game mechanics are not integrated in the games they analyzed. In 30 of the
31 pairwise comparisons in the meta-analysis, motivation was measured with a survey or
questionnaire conducted after game play. There was no actual implementation of game based
learning and no quantitative data to support GBL claims were provided.
The disagreement stems from the lack of balanced integration of concepts from pedagogy, instruction, technology, and content into an operational software model. Without this
balance, GBL development becomes ad-hoc, and the resulting product will not meet the expectations of game makers, students and educators [61].
Clear goals and immediate feedback help players change the game play in order to
improve their performance and reach the goal of the game. In each game scaffolding is provided which can be achieved by providing some levels to challenge the player and contract
his knowledge gradually that helps in discovery learning. The discovery process allows the
player to move in paths in a way that helps him to learn a set of knowledge or skill. This way
of learning called a “learning progression". Moving from level to another one gradually and
experiencing the learning progression forces the player master some of the prerequisite concepts and skills before learning new other skills. The player has the right to be provided with
a curricular choice and a control over their learning. This can be provided by adding a "level
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of agency" to the educational game. "level of agency" means that the learner has the ability
to interact with the materials and feelings of belongingness and socio-emotional support in
the situation. It allows the players to create their own hypothesis and experience in order to
solve a problem. Also, students as players prefer rich graphics and tasks that are fast, active
and exploratory and they are more engaged when the game is narrative supported by moving
graphics.
Our approach stresses independent learning supported by technology; however, it is
a departure from educational technology. Unlike educational IT that constrains learners into
rigid structures and prescribes their knowledge acquisition tasks, our approach seeks to establish a model that triggers and encourages the natural and instinctive urges of the child to
explore lively and exciting "knowledge worlds" and to construct subconsciously their own
knowledge as they wish, without any guidance or intervention. The child will feel as if in a
toy store free to play with any toy and jump from one toy to another. Thus, the learner is freed
from any constraint. He/she is immersed in a context wherein he/she finds himself/herself
in a state of flow, eagerly engaged in activities that promote learning. The basic idea is to
immerse learners in authentic and familiar virtual worlds and allow them to freely explore
these contextually rich environments. Through interactivity, the exploration process engages
them into activities that enrich their cognitive structures by promoting active and meaningful learning. Rather than being just a spectator, the learner is an active agent impacting and
being impacted by the environment constituents, which are themselves self-aware dynamic
agents. Exploration embeds a strategic scheme to personalize one’s knowledge construction
path. The learner’s universe is modeled as a micro-world that is a tiny world in which a student can explore alternatives, test hypotheses, and discover facts that are true about that world
[62].
Overlaying this conceptual map is a scene that starts with the universe and zooms in on
the smaller components of the child’s world, such as home, toys, parents, schools, and other
interesting elements surrounding the child. The structure of the scene transparently captures
linguistic, visual, and relational information about a given theme. Dynamically exploring
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moving scenes immerses the children in their environment and allows them to construct their
own story.
Our main objective is to support effective learning by immersing the player in a game
world. Our overarching goal is to provide children with immersive game-based learning environments to support Arabic linguistic skills acquisition. Various studies have shown that
virtual immersion leads to greater engagement, which, in turn, leads to effective learning.
Thus, our Educational Virtual Environment (EVE), built on cognitive immersion principles,
immerses players (learners) into a magical, yet authentic, world wherein they can explore
various concept-rich ecosystems. The exploration journey becomes a unique self-constructed
adventure requiring the use of physical and cognitive skills. Currently, EVE consists of a 3D
game on a smart phone mounted on cardboard virtual reality glasses and a wireless controller.
This configuration allows the player to play the game while learning Arabic by exploring various environments and facing physical and cognitive challenges to move from one level to
another.
Consequently, we postulate that immersion increases learning. To demonstrate this
hypothesis we will design experiments to measure the significance of the effect size.
Also, the literature we reviewed suggests that the most important factor which contributes to immersion while using virtual reality is the feel of presence (e.g. [63]). However,
none of the papers discussed the factor of presence along with the three keys (imaginative,
emotional, and challenge-based) of the immersion that are available in the normal immersive games that do not implements VR environments. Consequently, we seek to develop a
model which implements the three key contributors to immersion along with the presence key
element.
The model we want to examine is synthesized from an already existing models (e.g
the flow model) we investigated in our review of the literature. The existing model is built
upon the flow model used in [4], and the gameplay experience model (CSI model) examined
in [44]. The new model will add the presence-based immersion key factors that contribute to
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immersion while using the virtual reality technique in games.
The next step after developing the model that has all the attributes which contribute
to immersion, we will implement all the attributes in a 3D game that supports the virtual
reality technique. Then we will test the model by having an experiment by which we will
let the audience experience the 3D game and analyze the resulted data to see if the model
attributes implemented in the game contribute to immersion, allow the player to be engaged
and motivated and have an impact on the learning process or not.
1.4 Research Objectives

The main objective of this research is to develop a framework to support our hypothesis: that immersion contributes effectively to learning. Also, we aim to develop a GBL model
to engage and immerse children in a virtual educational environment to enhance the acquisition of Arabic linguistic skills. We will build a model and its implementation and will conduct
experiments to assess this hypothesis by performing the following tasks:
• Assess the state-of-the-art in game-based-learning and immersive educational games.
• Investigate learning practices in grade one.
• Develop a model which integrates learning and playing and supports virtual reality features.
• Implement a prototype to demonstrate the feasibility of the model.
• Evaluate the effectiveness of this model through experiments.
1.5 Outline of this Thesis

In what follows, we present an introduction to the immersive game-based learning
(GBL) and the motivations that shows the reasons behind its adoption. To have a clear understanding of the immersive game based learning and how it is affecting the learning process,
we searched many implemented models and prototypes and summarized their results. After
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the searching process, we decided to build a framework that integrates the virtual immersive worlds with the educational game we are building. To demonstrate the feasibility of our
goal, we implemented an immersive educational game using game technology. This thesis is
structured in the following approach:
In chapter 2, We introduce a proposed immersive software model. The proposed
model is a combination of some immersion frameworks that have been found in the literature. We gather all immersion attributes contained in the frameworks we found and we
include them in the proposed model, so it can promote immersion. Also, we include the most
important factor that contributes to immersion in our proposed model which was missing in
all of the frameworks we found. Then, we map the proposed model to a 3-Dimensional game
we built to enable the immersion feature inside its environments.
In chapter 3, we develop a model to build a game-based learning prototype by performing some phases. First, we review the educational system in the United Arab Emirates
in some detail. Then we explain our approach to modeling GBL for linguistic skills acquisition and recommend solutions to the major challenges we noted in the educational system.
We identify game-based learning components. Then, we identify the idea and the goal of the
model. We describe the main components of our model and explain each in detail. We also
describe the structure of the game. In addition, a description of our prototype implementation
is described.
In chapter 4, We evaluate our model by conducting three experiments, to assess our
the effectiveness of the proposed models, and conclude the findings.
In chapter 5, we summarize this thesis.
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Chapter 2: Proposed Software Model
2.1 Immersion in Virtual Environments

In this chapter, we will review the concept of immersion and its dimensions, as well
as an illustrative model supporting immersion. Subsequently, we will elaborate a model that
integrates features to enhance gameplay and promote immersion, the feel of presence and
engagements within GBL environments.
Our discussion of immersion is within the context of virtual environments associated
with games. Thus, immersion concerns the state of mind of players, who, through their interactions with the game, “live” a variety of experiences. The intent of immersion is to deepen
and enrich these experiences. To facilitate the presentation, we first describe the structure of
virtual environments, and then elaborate on some dimensions of immersion.
2.2 Immersion Dimensions

There are several perspectives on the dimensions of immersions [64]. We limit our discussion to the three dimensions of immersion introduced in the SCI-model (sensory, challengebased, and imaginative model) and illustrated in Figure 2.1 [49]. This model relates immersion, gameplay experience, game characteristics and player traits.
2.3 Sensory Immersion

Sensory immersion is represented by audiovisual attributes of the game and can be
achieved by the 3D worlds which surround the players comprehensively. The head mounted
display (HMD) and the evocative sounds vividly capture the real world and act as powerful
triggers leading the player to become engaged in the game world [50].
As shown in the SCI-model, sensory immersion is affected by the audiovisuality of
the game that is reflected in the interface features. In [?] the researchers showed that visual
and auditory sources affect player’s emotions. They performed an experiment in which the
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Figure 2.1: SCI Gameplay Experience Model
players play 3D games and observed their reactions and emotional states. The results showed
that timed high volume sound effects with visual gameplay elements, e.g., the in-game enemy,
cause the feeling of fear among players. Also, they found that low to medium sound effects
with invisible visual gameplay elements induce a state of anxiety.
The researchers in [65] showed in their experiment that emotional states are affected
by the player’s personality traits such as self-esteem and extraversion. For example, players
with a high level of self-esteem will feel guilt when making mistakes in the game and not asking for help. Those with a low level of self-esteem will be ashamed if someone comes to help
them when they face a problem (e.g., they cannot overcome a challenge ) while playing. Also,
the researchers showed that the player’s emotional states affect the visible bodily expressions,
like voice intonation and facial expressions, as well as the invisible expressions such as blood
pressures, heart rate, skin conductance, and temperature.
These research efforts identified some of the player traits and game features that can
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contribute to the emotional experience of the player. The player traits are bodily expressions
(e.g., eye directions and head movement), emotional states ( e.g., feeling of anxiety or boredom), and personality traits ( e.g., self-esteem and confidence). Game features are sound
presence and graphics presence. We will discuss later the various attributes associated with
sound and graphics.
As discussed in section 1, the experiment performed in [?] showed that visual and
auditory game features create immersion and evoke emotions.
The diagram shown in 2.2 represents a model we synthesized from the literature. It
illustrates the interaction between player traits and game features that create the emotional
experience which contributes to sensory immersion.

Figure 2.2: Sensory Immersion Model
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2.4 Imaginative Immersion

Results of an experiment reported in [49] show that imagination has a higher impact on
problem solving [51]. Imaginative immersion can result from a game that has three characteristics, as presented in the SCI-model, story, control, and world environment. In an experiment
using Kiilli’s flow model [45], participants stated that when they played a narrative game supported with a story, the goal of the game becomes clear. Based on Kiili’s model, a clear goal
contributes to a flow state which is one of the factors that induces immersion states while playing ([42],[52]). The world environment construction and its components affect the way the
player perceives this world. In an experimental study, a virtual PILE system was used to teach
the English language for second grade students. PILE is a video-capture virtual reality technology that capturers the students’ physical movements while interacting with the elements of
the virtual environment presented to them. The experiment was divided into an experimental
group consisting of 30 students using the PILE system, and control group consisting of 30
students who were instructed using PowerPoint slides. To test their initial English abilities,
the students were given a pretest that included five items which are related to the English second grade curriculum. After performing the experiment, they were given two questionnaires,
the first one was an eight-item learning motivation questionnaire and the second one was a
short feedback questionnaire to measure the participants’ feeling of enjoyment, sense of being in the environment, control, perception of the environment for being realistic, feedback,
perception of difficulty while performing the task, and level of control during the experience.
The results showed high scores in all the measurements and the students feedback was that
they experienced the learning environment in a way felt like reality. Also, they confirmed
that they were highly immersed in the virtual educational environment [53]. Based on other
experimental studies ([53],[54], [55],[56]) the researchers proved that using realistic virtual
worlds for educational purposes assesses the better understanding of the concepts learned and
virtual reality has the ability to illustrate concepts that could not be seen otherwise. Also, the
participants a feedback that they did not want to leave the virtual system and they were totally
absorbed in the world feeling a sense of presence.
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The control over actions is the ease of movement of the player in any direction and
being able to move in the places he has the freedom to choose by himself [52]. The researchers
in ([66], [67], [68]) stated that control over actions happens when the player is able to move
his avatar and feels control over input devices (e.g. the player can move in all directions
freely under his control). In [53], the ease of control was another aspect to be measured while
experimenting the educational game on students. The students agreed that controlling the user
interface with their own physical movements was intuitive.
The feel of presence and the control over actions features help the player to identify
with the game character which was shown to be one of the factors that contribute to imaginative immersion [49]. In Figure 2.3 we synthesize an imaginative immersion model which
captures the interactions among player traits and game features we discussed in this section.

Figure 2.3: Imaginative Immersion Model
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2.5 Challenge-Based Immersion

The third kind of immersion is the challenge-based immersion as described in the
SCI-model. Flow is an important factor that contributes to the challenge-based immersion as
illustrated by ([35],[42],[52]). Flow is an experience that results in heightened motivation,
intense engagement, and receptiveness to information [35]. Csikszentmihalyi identified some
factors that trigger flow: 1) challenge-skill balance 2) intrinsic motivation, 3) ability to concentrate on the task (self- efficiency), 4) clear task goals, 5)immediate feedback, 6)sense of
control over actions, and 7) playfulness [35].
2.5.1 Challenge Skill Balance

Challenges “are situations that need great mental or physical effort in order to be done
successfully and therefore tests a person’s ability". The difficulty of the game is defined by
the interaction between challenges and the player facing them. These challenges must at an
appropriate level of difficulty without overwhelming the player [52]. If the player skills level
is lower than the challenge level, anxiety will ensue. If the player skills level exceeds the
challenge level, boredom results. And if the skill and the challenge are at the same level
without the player being overwhelmed, the flow state will be reached ([69], [42],[52]). Figure
2.4 illustrates the flow state the player reaches when the skills match game challenges.
In [70], the kind of challenges that induce the player to continue playing without the
feel of boredom are explained. These are:
• Timing and Rhythm: Where the player is challenged to press the right button at the right
time.
• Spatial awareness challenges:
– The perception of the game world and the navigation in the adventure world become easier when the game elements and objects look familiar to the player.
– Showing the player the directions and his location by providing a map in order to
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Figure 2.4: Skill-Challenge Relationship
make this challenge easier.
– Showing the player the directions and his location by providing a map in order to
make this challenge easier.
– Looked Doors:
∗ The existence of an obstacle that prevents the player from proceeding ahead
through the game, e.g., to go to the next level, he has to find the keys to open
the cages and free all the animals of the current level.
– Traps:
∗ An object that harms the player to prevent him from going in a given path or
repeating that move again. It is fun for the player to find traps without being
caught.
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2.5.2 Feedback

Malone defined feedback as a game element that gives the player a knowledge about
their performance in the game [57]. Also, feedback lets players be aware of their success or failure and the outcome of their actions. According to Csikszentmihalyi’s original
experimental-based definition of flow, feedback should affect the player in a way that allows
him to be in the flow state [35].
2.5.3 Clear Goals and Control

Csikszentmihalyi showed in his research that clear goals and control contribute to the
flow state [35], and as discussed in the imaginative immersion section clear goals and control
cause immersion to happen [52]. Immersion is one of the results of flow [35].
2.5.4 Intrinsic Motivation

As Csikszentmihalyi stated that when someone is motivated to continue working on a
task just for the sake of it, the task is called an autotelic task. Intrinsic motivation is derived
from the satisfaction with a specific task and is the drive to perform that is born from the task
itself ([72], [73]). The autotelic task that drives the intrinsic motivation requires exploration
and information processing [74]. Based on a study performed to examine the impact of motivation on students, it was found that students who were intrinsically motivated performed
better and were more engaged in their tasks [59].
2.5.5 Self-efficacy

Self-efficacy happens when someone believes in his ability of being successful to be
engaged in an event or to complete a task [59]. One of the core elements of the flow state is
the ability to concentrate and focus on a task [35]. In addition, flow state works as a channel
between the video game self-efficiency and learning [71].
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2.5.6 Playfulness

An individual’s disposition towards engaging in play is termed playfulness [60]. The
researchers in [52] showed that playfulness is positively related to an individual experiencing
play behavior. When the player shows the willingness to play, the experience will be similar
to the experience of flow state’s autotelic experience, as play is intrinsically rewarding ([72],
[35]). Hence, players who are willing to play and show that they are interested in playing a
game, will experience play and will reach flow accordingly.
Figure 2.5 shows the flow model which was evaluated in [52]. The model contains
the player traits and the game features that when they interact they contribute to challengebased immersion. The results of the evaluation process showed that when the elements in
the flow model interact they cause the flow state to happen. Moreover, they confirmed that
immersion, motivation, intense engagement, receptiveness to information, merging of action
and awareness, loss of concern for the self, and altered sense of time are the effects that the
subjects experienced while playing ([35], [42],[52]).
Feedback is provided to the player to acknowledge him about his progress and performance. As the player makes progress exploring the different environments freely, he will be
experiencing intrinsic motivation because he will continue playing for the sake of exploring
the environment and surviving the challenges. Playfulness and self-efficiency are player traits
and they depend on how the player perceives the game. If the children (as a player) has the
willingness to play the game and knows exactly that he has the ability to complete the game
task, he will be experiencing the play behavior which be similar to the flow state’s autotelic
experience.
2.6 Presence-based Immersion

The three kinds of immersion discussed in the previous section were shown to be
found in all kinds of 3D games that virtualize real worlds and integrate the components of the
immersion-related models that we discussed earlier [49].
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Figure 2.5: Challenge-based Immersion Model
The feel of presence is another feature that adds value to the immersion element induced by virtual systems [50]. An experiment was performed in [73], they found that reported
presence was higher for the HMD (Head Mounted Display) modes, where the virtual environment was used, and lower for the screen based mode. Researchers in [74] experimented the
relationship between emotions and immersion with the feel of presence. The results suggested
reported some factors that contribute to presence which are: Player traits, emotional experience, special presence, engagement, world realness, and emotional environment. Multiple
studies [75], [76], [77], [78], [79], [80], agree on the fact that special presence is caused by
some media characteristics consisting of media content and media form. The media form
contains present sensory information and the degree of control over actions the user can have.
The media content contains actors, events, and objects present in the system environment.
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As we discussed in the previous immersion models, sensory information triggers emotional experience, and emotional environments foster the feel of presence [74]. Also, there is
agreement among researchers [53], [54], [55], [56] that the semi-real worlds in their content
can cause the feel of presence. Control over actions, a component of the flow model, was
shown to be one of the factors that causes the flow state to happen. Hence, engagement is
guaranteed as an outcome when the player experiences the flow state [52]. As a result the feel
of presence is a consequence of the engagement process [74].
Figure 2.6 shows the presence-based model which contains the elements that cause
the feel of presence while using virtual worlds. Elements of this model will be implemented
in our 3D game the same way discussed previously in the previous immersion models which
share the same contents.
Intense engagement, receptiveness to information, merging of action and awareness,
loss of concern for the self, and altered sense of time are outcomes resulting from these immersion models [52] , [35]. In our research [81], we observed the effect of engagement and
motivation of educational games on the players (as learners) who perform some of the cognitive activities (e.g. perceiving, associating, recognition., etc.) while playing. The results
showed that the students who played the educational game performed better than those who
experienced the traditional ways of learning. Figure 2.7 shows a complete model which is
a synthesis of the model we discussed. It illustrates how various factors contribute to immersion. Consequently, integrating immersion and learning which enhances engagement of
players when they carry out learning activities, which in turn, affect positively the learning
process.
The model we proposed is a presentation of key game attributes that contribute to immersion. The game attributes are classified into four main immersion dimensions: the sensory,
the imaginative, challenge-based and presence-based immersion. The sensory immersion simulates the audiovisual attributes of game. The sounds and real-looking graphics can contribute
to immersion as stated in the literature. The challenge-based immersion is another dimension
that is achieved when the game challenges are balanced with the player skills and capabilities.
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Figure 2.6: Presence-Based Immersion Model
Challenges included in the game varied between the logical and the strategic and when they
are balanced with the player capabilities the flow state is achieved. The flow state is an indicator that the players are focused on their goal while playing until they complete the mission,
and they handle the full control in the game. The imaginative immersion happens when the
player is absorbed in the story and the game environment. When the player is experiencing the
flow state mode, emotionally triggered by the audiovisual manipulation, having a full control
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Figure 2.7: Proposed Immersion Model
in the game play and identify with the game character he becomes engaged and he feels the
presence in the game. All of that contributes to the presence-based immersion.
When the immersion outcomes (e.g. engagement and enjoyment) integrate with the
learning activities the player perform while playing the educational game, the learning process
happens and becomes more effective.
2.7 Mapping the Proposed Model to Our 3D Game

We mapped the researchers’ findings related to sensory immersion into our 3D game
gameplay. For example, as a component of our game world, the farm environment (as discussed in section 3.2.3) has rats that act as enemies that the player must avoid. The rat images
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are visible to the player and a concurrently a high volume sound of the rat plays in order to
trigger the feel of fear in players. Also, players can hear a low voice with no graphical source
available when they enter the area of each animal, which let them end up questioning and
wondering: where is that voice coming from?
Also we implemented the features of the imaginative immersion model in our 3D
game. We created a real environment, as shown in Figure 2.8, that illustrates the concepts in a
way that the player can feel the sense of presence and allows him to be absorbed in the game.
Also, the game started with a story science to clarify the goal so they can be in the game flow.
The inputs are manipulated in such way that the player familiar with, so they can move in
the environment easily, e.g. the player uses the right key to move to the right direction. In
addition, the player has the freedom to choose among the environment he wants to investigate
among four different environments and the freedom to choose the animal he wants to play
with in each environment.

Figure 2.8: Illustration of the 3D Game World
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The challenges in the game are implemented in a way that suits the players’ skills
level. As our target users are kindergarten students, the challenges that will be implemented
are as follows:
• Timing and Rhythm:
The children will be challenged to press the right button at the right time to be able to
avoid enemies and obstacles and to destroy the cage to free the animal before the key
disappears.
• Spatial awareness challenges:
– As we confirmed before the world is constructed to be realistic in a way that contains real looking graphics, objects and elements. Also, the physical simulations
of the objects are implemented in a way that mimics the real world simulations
which makes them look familiar to the player.
– A map that shows the player the directions is provided in the game to make this
challenge easier.
– Looked Doors:
∗ For the player to be able to proceed to the next level, he has to find the keys
to open the cages and free all the animals of the the current level.
– Traps:
∗ Some of the tools that warn the player from repeating some movements again
are placed in the environment.
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Chapter 3: Modeling Immersive GBL for Effective Linguistic Skills
Acquisition
3.1 Introduction

Language is a a set of well-defined rules and clauses [1] that when children master it
they will be able to use and understand simple and complex words, sentences, and ideas [1].
Research studies show the effectiveness of multimedia in supporting learning outcomes, and
games are instances of resources that provide multimedia to players([24]). Further research
emphasize GBL positive effects on learning [82], demonstrating that games provide platforms
for players to acquire new skills [83].
In this chapter, we overview the United Arab Emirates curriculum requirements related to our goal and propose virtual environments that embed these requirements. These
environments will serve as backbone for our game. Subsequently, we elaborate the components of the model that forms the basis for the implementation of our game-based learning
system. The model incorporates the immersion principles, the immersion model, the game
characteristics, presented in the previous chapters, and the curriculum requirements.
3.2 The United Arab Emirates Curriculum

Reading skills are a fundamental requirement for acquiring the different facets of
knowledge. There are various resources to help the students master this skill; one of them
is to know the different sounds of the alphabets and to know the expressions that are related
to the linguistic methods. Reading also is a linguistic skill that is meant to translate linguistic
symbols to pronounced sounds and acquired by intensive training so it becomes a daily routine that is not separated from the reader daily lifestyle. In addition, it becomes a basic tool
to acquire other linguistic skills such as writing and conversation. Figure 3.1 shows the three
facets of reading the curriculum emphasizes.
Besides its focus on the reading facets and reading stages, the curriculum addresses
strategies to support students in acquiring and mastering reading skills. Reading skills and
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Figure 3.1: UAE Curriculum Reading Facets
stages proposed by the curriculum are as follows:
• Pre-reading stage: in this stage the reading material is chosen, self-preparing and preparing for the expression reading and the pronunciation.
• Reading stage: in which the written symbols and alphabets are translated to meaningful
sounds and structures. Also, it is related to the fluency and the clear sound, and the
ability to sell the feelings and the thoughts to the reader.
• Analysis of the reading materials: which means understanding, analysis of ideas, meanings and events, analysis of the paragraphs structures, connection between meanings
and constructing new meanings and ideas.
• Evaluation of the reading material.
Strategies to support the students reading skills proposed by the curriculum are:
• Empowering students to master the reading tools.
• Training students daily on the reading process.
• Training them how to avoid the challenges that confront them while reading.
• Helping weaker students to be able to read.
• Encouraging them to read so they can be able to choose the reading material.
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• Making time for free reading to make the reading process interesting.
• Raising their confidence in their reading ability
• Discussing reading materials with the students.
3.2.1 Curriculum Requirements
• Reading outcomes
1. Pronounces correctly the letters of the alphabet.
2. Distinguishes between the letters that have the same sound.
3. Describes the characters used in the environment.
4. Recognizes the story elements and describes them
5. Be able to organize the story events.
6. Reads the alphabet of one word fluently.
7. Remembers important points in a story.
8. Analyzes story events, actions, and interactions.
9. Relates elements and be able to understand them.
10. Answers questions related to the learned material and concepts.
11. Understands common concepts, and discusses them.
• Objectives and goals
1. Complement the book with various and supportive activities, in a way that allows
the teacher to choose the activity which suits the student educational level.
2. Help the teacher design the linguistic activity which is tied to the desired educational objective.
3. Help students and empower them to master the required linguistic skills.
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4. Consider the differences between individuals when performing the activities.
3.2.2 School Curriculum Content

Figures 3.3 and 3.2 show a sample of the learning content. In these samples the content
is a narrative augmented with pictures of the animals.

Figure 3.2: Another UAE Curriculum Content Sample

44

Figure 3.3: UAE Curriculum Content Sample

The content of the Arabic curriculum learned in the primary school level is designed
to achieve and meet the requirements and goals listed in this section. The linguistic concepts
are presented in a narrative way altogether with related pictures.
Our analysis of the curriculum and the comparison with related work in the reviewed
literature lead to the following observations: some of the animals pictures are presented in
conceptually-unrelated environment, preventing children from associating a given animal with
its habitat. There are no sounds associated with the animals and the learning contents, while
sounds are important components of multimedia resources that help foster the learning pro-
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cess [24]. Moreover, children are not given the ability to interact with the material. Studies
shown that interaction is one of the important elements that supports effective learning [53].
Also, animals, belonging to different habitats (e.g., farm, forest, sea), are randomly presented
together. This lack of conceptual togetherness in the presentation does not afford children
the power to be able to recognize groups of animals that share the same habitat. Briefly, the
presentation does promote the capacity to relate concepts with their corresponding pictures in
order to facilitate retention and recognition.
Consequently, to better support the curriculum and its goals, we sought to address
these shortcomings by developing alternatives to support knowledge acquisition in a different
way. The following section illustrates the steps we carried out to achieve this goal.
3.2.3 Proposed Curriculum Content

To support the UAE curriculum, we built a new curriculum that our game follows.
The new curriculum is an outcome of a search we did in four countries’ curricula about the
common effective ways of learning they follow. The four countries are Egypt,United kingdom,United states America and Japan. The new curriculum (as shown in Figure 3.4 ) suggests,
the learner has to be exposed to a narrative learning atmosphere in environments that contain
sounds, graphics, shapes, actions, and events to allow children to interact with the elements
presented. To cover the learning content in an interactive context, we created different environments containing a variety of animals, such that their names cover all the required letters
of the alphabet. Also, by presenting the different animal types that share the same environment, we allow the child to construct a higher level of knowledge by relating the animals to
the environment they are living in and relating each animal to the other animals living with it
in the same environment. Briefly, the building blocks of the learning content are presented in
contexts that offer highly-related concepts.
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Figure 3.4: Proposed Curriculum Content
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Figure 3.5 shows an example of a farm environment we created. The goal is to create
a context exposing animals, such as cow, sheep, and rat, to allow learners to explore names,
pictures, and sounds in an interactive environment. Letter shapes of each name are presented
around the related animal, and when the child interacts with the shape it produces the corresponding sound. Thus, the child can see the shape of the letter and hear its sound at the same
time. When the child ends up collecting all the letters of an animal, he will be able to hear the
name of the animal and the animal’s voice too. Also, there will a source of power for the child
to get from the environment that protects him from the enemies. The source power is related
to the animal presented ( e.g. milk for the cow). The child can learn and recognize some
information about the animal, such as the name of the animal, the related alphabets that construct the name, the shape of the animal, its sound and what does it produces and consumes.
By this way, we exploit the use of the multimedia resources that helps making an immersive
educational environment as previously discussed in the literature.

Figure 3.5: Farm Game Environment

48

3.3 Observations

Through our analysis of the Arabic curriculum, we found that there are multiple requirements and goals that help educators address the educational needs of the children. Although the school curriculum was updated to a newer version, we found that it lacks some
of the resources which are important to make the teaching and the knowledge acquisition of
attractive and effective, and help foster the learning process. Moreover, the teachers are still
using the traditional teaching methods (e.g. books and power-point). As we mentioned before, learning using games has positive impact on the learning process.But there exists a large
communication gab between educators, developers, and game designers. And that does not
serve the idea that teachers need assistance with the development of instructional technologies from developers and game designers. To be able to cover these issues and eliminate the
problems related to the school curriculum, the educators, the game designers, developers and
the ministry of education should collaborate. Depending on what we found and discussed,
we also think that using game-based learning will help eliminating these problems and help
improving the education process in the Arab world.
Having identified issues with the curriculum organization and presentation, we are
now ready to discuss the implementation of our game-based learning model based on the
immersion principles, the model, and the curriculum requirements. Accordingly, the design
process of the immersive educational game environment includes the following steps:
• Identify the idea and the goal of the model (section 3.4).
• Relate learning components and game mechanics (section 3.5).
• Create the storyboard and the scenes for the model (section 3.7).
• Elaborate the details of the immersive GBL model (section 3.7.1).
• Integrate all concepts together to implement the model of the immersive GBL (section
3.8).
• User acceptance tests: To ascertain the usability of the VR stimulus application.
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3.4 Goal of the Model

There are two goals behind the development of this model. First, providing the learner
with a systematic learning process that allows the player to construct his/her knowledge gradually through the navigation in different environments and interacting with different kinds of
concepts. The concepts are related to the objects presented in each environment. Navigating
through some different paths that the player has to choose from helps him/her to explore more
concepts and interact with different objects and relate them together in a way that empowers
him/her to build their knowledge.
Second, supporting the first goal through engaging the player in the learning process
by providing the sense of “being there”. We can achieve this by constructing a virtual environment which is a realistically-close simulation of the real world.
3.5 Game-based Learning Components

Game based learning is divided into learning and game play. But learning and games
might be properties. For that reason, the integration of both might be a challenge. And to be
able to integrate them we have to be able to identify their components and to develop a design
that provides a consistence view of both of them [84]. The learning components contain the
learning content, the structure of the learning content, feedback and assessment. The game
components are the game play, the story, the challenges, decision making, and the presentation
of the game [84]. Table 3.1 shows the components of learning and games.
Learning
Learning Content
the structure of the learning content
feedback
assessment
The presentation of the learning content

Games
Game play
Story
Challenges
Decision making
Presentation of the game

Table 3.1: Major Components of a GBL System
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3.6 Model Components

The main idea is to develop a world that contains familiar environments to players in
a way that when they access them, they will be immersed in some engaging activities. Figure
3.6 shows a real familiar environment which is the farm. The farm contains different kinds
of real looking objects that are usually found in farms. When the child plays and interacts
with these objects, he builds stories and fantasies within this environment, putting himself in
a state of complete immersion. Each game environment contains some activities that allow
the player to interact with its objects and construct knowledge accordingly.

Figure 3.6: Farm Scene

To build the game-based learning model we addressed the following questions:
• What is the kind of knowledge to be learned?
• How is the learner going to discover this knowledge?
• How is the knowledge (the learning content) organized?
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• How many choices given to the learner in order to provide different exploration paths?
• How are the environments scenes synthesized?
• What are possible actions the main character (learner’s avatar) is capable of performing?
• What are the resources that contribute to the immersion element in the game in order to
engage the player in the learning process?
The questions are represented by three dimensions which are concepts, learning process and
game mechanics.
3.6.1 Concepts

As in each book taught in the schools, the selection of the knowledge to be learned
depends on the level of the learner and the kind of knowledge to be acquired. By looking at
the school books, we can list the outcomes and the deliveries of every lecture, and the number
of the themes and the topics to reach these outcomes. GBL is providing the same content in
different ways to achieve the same outcomes effectively. Hence, the learning content should
be modeled as follows:
1. Concept selection: the concepts selected to be presented in the game are the same as the
ones exist in the targeted school curriculum. Thus, the content of the curriculum will
be mapped in the game so it can be useful as much as possible to the targeted audience
who are studying that content.
2. Concept organization: GBL provides an exploration of concepts method for the players
through various paths. This requires a network structure which contains nodes where
every node is a cluster of concepts and ordered in a way that represents the zone of
proximal development [85].
3. Concept exploration: The network structure provided by GBL allows the player to make
progress in the game through paths that connect the concepts clustered nodes. This
defines the actions of the player in the game.
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As this research concentrates on learning the Arabic language for grade one, the concepts used are derived from the UAE Ministry of Education grade one curriculum. This set of
concepts was used to synthesize familiar environments.
3.6.2 Familiar World

The normal classroom does not allow children to reflect and make sense of their own
experience. They depend on the teacher to motivate, explain, help and give them feedback.
The familiar environments in educational games provide contexts related to player experiences which strengthen the learning process and accelerate knowledge acquisition. Figure 3.7
illustrates some of the familiar places in the child’s world that he can visit.

Figure 3.7: Familiar Environments

An experiment reported in [53] used a virtual educational game that mimics familiar
environments to teach primary school children the English language. The children can interact
with the objects presented in each environment by moving them and clicking on them. Also,
the game provides feedback to children after they make a decision. The results showed that
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the direct interactions with the game environment and its objects, including the sounds and the
graphics, affected their learning positively. In addition, after observing the students reactions,
the researchers noticed that the students were motivated and wanted to react and help other
students who did wrong in the game.
A storyboard consists of the scenes is developed based on the child’s world familiar
environments and the set of concepts. Figure 3.7 shows scenes that allow the learner to explore in the game world. In addition, some other criteria besides familiarity are considered
to construct a given learning environment, e.g. small numbers of concepts should be introducing at a time because of the short term memory the child has, and the balance in the used
resources (aural, visual, and textual) to insure that no distractions will happen while playing
and learning.
As shown in [?], sounds and images have an effect on the player emotions, which
affect his learning accordingly. Table 3.2 summarizes the relations between visual and audio
resources and what kind of emotions result from each relationship. In chapter 2, we discussed
in details how we map these relationships to a game environment.
Sounds / visual Source Visible Invisible
High and Synchronized Fear
Low and Synchronized
Anxiety
Table 3.2: Emotions Matrix
When the child starts exploring the environment, he moves through the concept network structure which allows him to associate between the presented concepts. The concepts
could be objects and attributes that when associated they construct the meanings and the
knowledge that the player can understand and acquire. Figure 3.8 shows a sample of the
learning content.
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Figure 3.8: Learning Content Sample

3.6.3 World Conceptual Structure

Figure 3.9 shows a conceptual structure that represents the concepts which the player
need to learn in order to reach a given level of eloquence in the Arabic language. These
concepts or stages are strongly related where the player cannot move forward unless he/she
masters some or all of the related sub concepts of each stage.
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Figure 3.9: Conceptual Structure

3.6.4 Learning Process

As we discussed before, in order for the player to acquire knowledge in games, he
follows the concept network structure while exploring through different paths and performing
some activities. The activities that the player performs are divided into cognitive and physical
activities. In a research we did previously [81] we defined both kinds of activities that the
player can perform in a game in order to acquire knowledge as follows.
• Physical Activities
We modeled the player through three classes, one class represented the player and the
other two represented the cognitive and the physical actions that the player can perform
Figure 3.10 shows an illustration of the player class diagram.
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Figure 3.10: Player Class

Besides the activities the player is capable of doing, the class diagram shows some of
the attributes related to him such as: position, sprite, speed, and direction.
• Cognitive Activities
In order for the player to learn while playing he should perform some of the knowledge
activities which allow him to interact with the game objects to acquire knowledge. The
following state diagram 3.11 represents of the player object in a game. For the object to
transit from one state to another one they must perform some activities while interacting
with the other objects. The cognitive activities provided are: perception, association,
recognition, debriefing, locating, composition, recalling, and classification. Physical
activities are the basic movements such as: jamb, walk, and run.
Figure 3.12 shows some of the cognitive activities and how the player can associate
them to construct the knowledge. As a start we focus on the part that teaches the player
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Figure 3.11: Cognitive Activities Players Perform
how to identify letters, words and some basic sentences. Through this gradual exploration of concepts, the player will acquire the basics of the language and will be capable
to grasp more complex concepts later.
3.6.5 Game Mechanics

Core mechanics create patterns of repeated behavior which are the building blocks of
play, and they represent the essential moment-to-moment activity of players [86]. Mechanics
are represented by the actions and the behaviors afforded to the player within a game context.
What the player is doing and the other entities, in response to his actions, also considered as
game mechanisms. The objects in addition to the player are presented in figure 3.13
Each object is attached to specific behaviors that allow them to perform events, which
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Figure 3.12: Knowledge Acquisition Activities
results in interactions among the objects and the player. Action is the way the object respond
to an event. Figure 3.13 shows the possible actions the player and the other objects can
perform. Figure 3.14 shows the interactions between all the game objects which forms the
basis for game implementation.
3.7 Game Structure

This section will show the steps we went through to construct our model. The structure
of the game describes the behavior of the player-character and non-player characters and the
way they act.
3.7.1 System Overview

The goal of this project is to build an immersive and interactive language-learning
virtual environment that helps children to be more engaged in the game world and acquire
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Figure 3.13: Game Objects

Figure 3.14: Interaction Matrix
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the linguistic knowledge and skills effectively. And the main aim of this model is to give the
player the chance to learn the Arabic language through having fun and acquiring knowledge
at the same time. The system is an adventure game which contains several environments the
player chooses from, e.g., farm, desert, sea and cave.
Each environment has different levels of difficulties. In each level the child is introduced to a new concept (blue dots). Those concepts can be letters shapes, sounds, associated
picture to certain words like picture of lion and the word lion. While playing the player starts
to navigate through the world in all the directions and create connections between those concepts to recognize and understand each concept. By creating those connections the player will
reach the stage of creating knowledge from those concepts. At the end of each environment
level, the player is assessed on concepts just been explored. Figure 3.15 Shows an illustration
of the concepts connection levels.

Figure 3.15: The Game Levels

3.7.2 User Interface Storyboard

One of the major parts when creating a game is creating the storyboard, which is
necessary to be built before developing the prototype and building the game. It is useful
mainly for writing the script of the game, developing the idea and elaborating the goals details.
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The storyboard is the initial visualization of the game model that contains drawings which
represent the different scenes and levels of the game. Visualizing the main idea provides
a clear and comprehensive view of the game model. Storyboards are used by designers to
sketch characters, scenes and ideas [87]. Figure 3.16 shows the first idea we drew on a paper
prototype.

Figure 3.16: Paper Prototype
After refinement and brainstorming, the ideas are drawn on the storyboard. Figure
3.17 shows our game model storyboard.
3.7.3 Requirements specifications

The requirements of the game model prototype become clear when the paper prototype
is validated. The main functionality is to make the game interactive in order to encourage the
child to play, discover and learn. The player will be able to move in all directions in the game
environments searching for objects and listening to their related sounds. Also, the player will
be assessed at the end of each level to test the progress of his/her learning while playing the
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Figure 3.17: Story Board
game. The requirements specifications are detailed in Appendix A.
3.8 Prototype Implementation

We used the rapid prototyping approach to develop our game. This approach allows
us to discover requirements by experimenting with the prototype. The first step is to identify
the external behavior of the system to capture the interactions between the player and the
system. Figure 3.18 shows the use case diagram of our model. The main concern is to help the
students learn while playing and interacting with the objects in an immersive environment that
leads to player engagement and better knowledge acquisition. Developing such educational
environment is an important and critical task to achieve these goals. To achieve the main and
required goal while developing a game, it must go through some iterative processes such as
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Figure 3.18: Game Model Use Case Diagram
testing and refinement. We developed the first iteration of the prototype which explains the
structure of the game as shown in Figure 3.19.

Figure 3.19: Game Structure

This structure represents the concepts provided and supported by Unreal Engine v4.10,
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the engine used to develop our educational game (See Appendix A for more details about the
tools used to develop the prototype.). The main resources required by Unreal Engine are the
landscape, blueprints (objects), textures, characters, materials, and audios. The object is the
active entity which has some behavior and animation assigned to it. Every object has a name,
a static mesh, set of events and actions, and sounds. The set of events and actions are used
to assign a behavior to the object. The audio gives the object the capability to emit sounds,
music, or speech.
The initial scene is a story scene (Figure 3.20 ) where the player is able to hear the
game story in order to understand what is the goal of the game and to grasp the big picture of
the game process. After that the player will be exposed to the environments he must choose
to be able to access it and explore (Figure 3.21). The game will start immediately after choosing the environment he wishes to explore and he will be able to navigate the avatar through
the game environments and start interacting with the objects (Figure 3.22). Environments included are: desert, sea, jungle and farm. The game gives the player the chance to repeat if the
avatar loses health or dies in the game.

Figure 3.20: Game Story
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Figure 3.21: Game Environments

Figure 3.22: Player Exploring the Game

While navigating through the environments, the player learns some aspects of the
linguistic concepts represented in the game. The shapes of the letters are represented with the
correspond sounds, so when the player interacts with the shape he can hear the sound and the
pronunciation of the alphabet. Also, the player will be able to see the words related to each
creature presented in each environment. And he will be able to connect between the alphabets
that form each word and relate the word to the related creature.
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When the player is done with the navigation through the environments, he will be
assessed by answering some questions related to the environment. If the player answered the
questions the right way, he will be navigated to the next environment. The game will give the
player a feedback about his answers. See Figure 3.23

Figure 3.23: Game Feedback

3.9 Summary

In our quest to implement a game-based learning system that integrates relevant content with game attributes, we carried several tasks, among them: UAE curriculum analysis,
authentic virtual environment elaboration, content structuring, and game implementation. Our
survey of the curriculum identified the content, the requirements, and the outcomes. The elaboration of authentic virtual environments was inspired by the content to be learned and pedagogical principles based on the structuring and conceptual organization of the content. This
organization was achieved using concepts maps. Our implementation used a 3D game engine
to develop the game.
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Chapter 4: Experimental Analysis
4.1 Introduction

The major premise underlying immersion in the context of game-based learning is
that it promotes engagement, which in turn promotes learning at a more effective rate than
traditional learning methods. Our own hypothesis is “immersion increases learning”. We
conducted several experiments in order to test the effects on learning within the context of our
implementation of an educational game and immersive worlds.
4.2 Experiment 1: Immersive Experience Assessment

4.2.1 Method

We investigated the potential of immersion supported by VR to enhance learning
among children. Our goal in this experiment was to examine the effect of VR on children’s
learning and their attitude towards learning in a VR environment. We used our 3D game
called “Faris Adventures” to test our hypothesis on the targeted audience. While playing and
exploring different environments, children must catch letters of the alphabet related to the
animal being displayed. While collecting the letters, the player repeatedly hears the sound of
the animal and sees its picture. The game provides feedback whenever the player completes
exploring a given animal. The game will play the sound “well done” when all letters making
up the animal name are collected.
4.2.2 Participants

Participants in this experiment were five 6-year old grade one students from three local
schools.
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4.2.3 Experimental Setup

Material used in this experiment consisted of Samsung phones running the game, VR
box glasses, Bluetooth headphones, and Bluetooth gamepads. The phone is installed in the
VR box, which is head-mounted on the participant as a set of glasses. During the experiment,
each participant must use these components together in order to move the avatar and hear the
sounds synchronously. Figure 4.1 illustrates the setup.

Figure 4.1: Grade one Children Using the VR Game

4.2.4 Procedure

Participants were briefed on the activities they were to carry out and were given time
to practice to familiarize themselves with the game and the use the VR glasses, the gamepads
and the headphones. The experiment was carried out over four days with one session per
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day. Each session consisted of three phases: a pretest, playing the game, and a post-test.
Each participant played one 15-minute slot/day during which a given environment out of
four different environments (jungle, sea, desert, and cave) was explored. For the pretest,
participants answered a questionnaire related to the subject assumed to be learned in the game.
The purpose of the questionnaire is to recognize the animals and match their pictures with their
corresponding names.
Following the pretest, each participant used the VR educational game for the allocated
fifteen minutes. We also observed their performance while playing to determine whether the
virtual mode has any effect on their emotions and the way they act,as these are indicators of
the immersion level they reach while playing. Thereafter, we administered a post-test with
the same questionnaire as the pretest. Figures [4.2 - 4.3] shows a sample of the questionnaire.
Results of the analysis of the pretest and post-test are discussed next.

Figure 4.2: Grade One matching Test Questionnaire Sample
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Figure 4.3: Grade One Spelling Test Questionnaire Sample

4.2.5 Results

We collected the following observations about the physical behavior of the participants
while they were playing our 3D game, in addition to a "Roller Coaster" 3D virtual game
downloaded from applications stores.
• Head motion
– Most of the children started to move their head around a lot and they did not stop
doing so until they got the glasses off. One of them only stayed focused on one
path (the path that the avatar was moving on).
• Vocal reactions
– The children were talking most of the time describing what they were watching in
the game:
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∗ The children described the objects, their colors and their movements:
· There are two men wearing red and green.
· The plane is not moving.
· The train stopped moving.
∗ The children started to talk with the objects in the game.
• The children mood (No reaction, excited, frustrated)
– The children were excited to play the virtual game, and once started, they moved
their heads everywhere to explore the world and recognize every single object they
could interact with. One of the children was frustrated while playing because he
lost in the game environment and could not find the letters; then when once he
gained some familiarity with the game, he kept on playing.
• Movement of the hand (slow, moderate, fast)
– Some of the children started moving their hands slowly at the beginning and they
hesitated to move ahead; they did not know where to go from the start, because
the place was wide-open and they were afraid that enemies were going to hit them.
Also, some of them moved their hands fast, because of their rash personality and
they immediately chose quickly a spot to start with and discover.
– The children started moving their hands trying to touch the objects inside the
game.
Figures [4.4 - 4.7] summarize level of head and hand motions, respectively.
• Reactions to the content:
– Pretest: the students did not recognize the animals shapes except for the fish and
lion. Also, they could not be able to construct the words correctly and read them
properly, and they could not remember some alphabets presented to them.
– The learning phase: The kids played the in the environments of the game. After
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that they were exposed to a test to evaluate their ability to recognize the animals
and spell their names with the correct related alphabets.
– The post-test: The results showed that the kids were able to recognize the presented animals and were able to spell their names and match each animal to its
related name. They were able to remember most of the alphabets, because some
of the alphabets were difficult to remember immediately and easily. Figures [4.8,
4.9] shows the results of the pre-test and post-test of this experiment.
All the observations indicate that, as we discussed in the previous sections, the children felt the feel of presence and were engaged in the game. The children showed all the
immersion types in their behaviors, the sensory, the imaginative, the challenge-based and the
feel of presence as they play in our immersive environment.

Figure 4.4: Observations of Children’s Head Motions
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Figure 4.5: Observations of Children’s Hands Motions

Figure 4.6: Observations of Children Vocal Reactions
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Figure 4.7: Observations of Children’s Moods

Figure 4.8: Pretest Results
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Figure 4.9: Post-test Results

4.3 Experiment 2: Learning Effect Testing

4.3.1 Method

We investigated the potential of our game content to improve learning among the 3 to
7 years old children. The goal of this experiment was to examine whether the way the content
we developed including the concept map is presented in the game has an effect on children’s
knowledge acquisition and attitude towards learning using educational games. We used a 2D
version of our “Faris Adventures” to test our hypothesis on the targeted audience. While playing and exploring different environments, children must catch letters of the alphabet related to
the animal being displayed. While collecting the letters, the player repeatedly hears the sound
of the animal and sees its picture. The game provides feedback whenever the player completes
exploring a given animal. The game will play the sound “well done” when all letters making
up the animal name are collected.
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4.3.2 Participants

Fifteen grade one students participated in this experiment. Their age was between 6
years.
4.3.3 Experimental Setup

Material used in this experiment consisted of Samsung phones running the game and
headphones. The child must use them all in synchronization in order to move the game characters and hear the sounds synchronously.
4.3.4 Procedure

The participants were divided into two groups, a control group and an experimental
group. The control group was instructed using the traditional educational instructional methods and the experimental learned the content using the 2D game. We explained to the children
what they are going to do and let them practice for a few minutes to get the feel how to play
the game. Then they played for 15 minutes. The experiment was performed of a period of two
weeks. Each day the children carried out one session to play with one out of four different environments (Jungle, sea, desert and cave). Each session of both groups was divided into three
phases: the pretest where the children answered a questionnaire related to the subject being
taught. The purpose of the questionnaire is to recognize the animals and match their shapes
to their correct names. Figures [4.2 - 4.3] shows a sample of the questionnaire. Then comes
the learning phase where the children used the 2D educational game and started learning the
content while playing. Thereafter, we tested them with the same questionnaire used for the
pretest to examine if there is a difference in their performance and if the game has an effect
on their learning and recognition processes.
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4.3.5 Results

We used the number of the correct answers reported from both the control and the
experimental groups to compute the effect size (d value). And the results stated that:
For the Jungle environment test the effect size is 0.12 which is considered a small
effect size. It means that students learning was not affected by using the game. It’s obvious
because the jungle environment was familiar to all the students and they recognized most
of the animals. Also, 80% of the students were able to match the animals with their names
correctly.
For the sea, the cave and the desert environments the effect size went above 1.5 which
is considered a high effect size. As in the experimental group, the students were not able to
recognize the animals shapes and did not match them to their correct names until they played
the game and acquired some knowledge about the animals. In contrast, in the control group
the students were not able to recognize the animals before and after the lecture given in the
class. Results of the pre-test and post-test of the both control group and experiemental groups
are shown in figures 4.10 - 4.13.
4.4 Experiment 3: Immersive Environments Characteristics

4.4.1 Method

We investigated the potential of VR to engage and immerse players (learners) in the
learning process. Our goal from this experiment was to test the characteristics of our 3D game
environment that contribute to immersion. We used our game 3D VR “Faris Adventures” to
be played by adults.
4.4.2 Participants

Twenty college students (ages between 19 and 23) participated in this experiment.
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Figure 4.10: Experimental Group Pretest Results

Figure 4.11: Experimental Group Post-test Results
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Figure 4.12: Control Group Pre-test Results

Figure 4.13: Control Group Post-test Results
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4.4.3 Experimental Material

Materials used in this experiment were Windows desktop running the game, VR Oculus rift, Bluetooth headphones, and keyboard. The subjects must use them all in synchronization to move the avatar and hear the sounds synchronously.
4.4.4 Procedure

The game was set up to execute in VR mode. We explained to the players what they
are going to do and let them practice for a few minutes to get the feel of how to play the game
and use the VR glasses, the keyboards and the headphones. Then the subjects started to play
for 15 minutes. The experiment was carried out over a two-week period, each day the subjects
carried out one session to play with one out of four different environments (jungle, sea, desert
and cave). At the end, the subjects filled a questionnaire, whose purpose was to measure
questions related to characteristics of VR that contributes to immersion and engagement. We
also observed their performance while playing to see whether the virtual mode influenced
their emotions and the way they act, as these can be indicators of the immersion level they
reach while playing.
4.4.5 Results

Figure 4.14 show the answers of the subjects to the questionnaire questions.
The results showed that:
• 50 % of the subjects agreed on forgetting about time passing while playing the game.
• 70 % of the subjects become unaware of their surroundings while playing the game.
• 50 % of the subjects agreed on experiencing an altered sense of time.
• 55 % of the subjects were not sure if they forget worries about everyday life while
playing.
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Figure 4.14: A Graphical Illustration of The VR Experiment Results
• 70 % the subjects agreed and strongly agreed on becoming involved inside the game.
• 70 % of the subjects said it was easy to play the game.
• 90 % of them felt inside the game.
• 70 % of the subjects agreed that the game environment was somewhat familiar.
• 70 % of the subjects were comfortable while using the device.
• 90 % of the subjects agreed that the pictures used in the game are suitable for a 4-year
child.
• 69 % find it easy to interact with the 3D objects and elements of the game.
• 88 % agreed on having better understanding of the linguistic concepts.
• 70 % agreed on having better understanding of the linguistic structures.
• 99 % of the subjects felt that the 3D simulated environment provided by the system is
realistic.
• 70 % of the subjects feel that the 3D simulated environment makes them concentrate
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more while learning.
• 99 % of the subjects are willing to continue using the game in the future.
• 5 % of the subjects recommended to use the advice as a learning tool while 90 percent
welcomed the idea.
The questionnaire sample can be found in the appendix B.
4.5 Summary

In the immersive experience assessment experiment, signs of being immersed in the
game environment were observed from the children behavior. The children were interacting
with the game by moving their heads, hands and having conversations with themselves while
playing. Also, the results of pre and the post-tests showed a significant change in the learning
effect of the children. They performed better in terms of choosing the correct answers.
The results of the learning effect testing experiment showed that using the educational
game led to higher performance for the experimental group. However, for the control group,
where the students were instructed using traditional learning process, there were no differences found in the performance.
The experiment to test the immersive environments characteristics by adults showed
that all the attributes included in the game environment contribute to the player immersion
and feel of the presence.
Finally, the results of all the experiments confirmed our hypothesis and results reported
in the literature, that immersive educational games support effective learning and increase the
level of engagement of learners using educational immersive environments.

83

Chapter 5: Conclusion
5.1 Summary

Our major contribution is the construction of a model and its implementation to promote immersion and effective learning. To address the issues related to the effectiveness
of immersive environments on learning, we investigated existing models of immersion and
identified the main dimensions of immersion. We summarized existing research on the effectiveness of immersive game environments and extracted the attributes that contribute to
immersion in games. Moreover, we selected three dimensions of immersion that when included together with the learning activities in a game they cause engagement, motivation,
and better learning. These are: sensory immersion, imaginative immersion, challenge-based
immersion, and presence-based immersion. The literature on immersive educational games
introduced models which contain attributes that cause immersion, but none of them mapped
these models to an educational game. Also, the models did not address one of the important
factors that contribute to immersion which is “the feel of presence”. Our investigation allowed
us to synthesize our own model to support immersive features in educational games.
To develop a systematic game-based learning approach, we sought to capture basic
learning activities and to identify the extent of the learning content. Thus, we analyzed the
United Arab Emirates Arabic curriculum from which we extracted requirements, goals, outcomes, and content to be used by educators to meet the needs of the children educational
levels. The analysis provided a basis for structuring and conceptualizing various authentic
learning environments that embed the required content and support pedagogical principles.
The proposed game consists of a set of environments. Each environment contains
activities that allow the player to interact with its objects and construct knowledge accordingly.
Even though intuitive, player interactions are guided by the learning model we built based
concepts selection, organization and exploration. As this research concentrates on learning
the Arabic language, the concepts used are derived from the UAE Ministry of Education
grade one curriculum. This set of concepts was used to synthesize familiar environments.
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In their quest to acquire knowledge, players navigate a concept network structure,
while exploring different paths and performing activities. The concept network structure is
represented by a concept map we developed to capture hierarchical relationships among concepts. The navigation and exploration processes are implemented by game mechanics which
are represented by the actions and the behaviors afforded to the player within a game context.
The implementation of the game followed the software prototyping approach. We
described the external behavior of the system with a use-case diagram. The design of the game
was carried out in stages, including (1) the elaboration of a storyboard, (2) the description of
the behavior of the player-character and non-player characters and their interactions, (3) the
construction of the graphical resources and content, (4) the creation of the game triggers to
capture the selected immersion dimensions, (5) and the actual coding using the UNREAL
game engine.
Finally, we performed three different experiments to assess our approach to immersion
and learning. The results of these experiments showed a difference in the learning process as
a consequence after using the educational game. The calculated effect sizes confirmed that
using educational games allow the players to acquire knowledge about the material learned
and engage them in the learning process, which enhances the learning process. Therefore, the
results demonstrated that our 3D virtual games triggers immersion, and that it has a positive
effect on learning.
5.2 Future Work

The next step after addressing how to immerse students inside the learning environment, is to support the collaborative learning inside one virtual environment. It helps learners
to discuss and understand the topic being learned together which facilitates the process of
acquiring knowledge. Also, interacting with the objects being taught and the elements inside
the collaborative environment helps the players relate the linguistic concepts together with
their related aspects. Collaboration and interaction can be together as factors to support the
learning process while playing games.
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Appendix A:

Detailed Requirements Specifications

A.1 Functional Requirements

Related to the use case diagram, a set of functional requirements is developed. These
are:
FR: 1. The system shall provide various options to the player.
FR: 2. The player shall have the option to start the game.
FR: 3. The system shall display the game environment.
FR: 4. The player shall select a learning environment.
FR: 5. the system shall maintain competency levels.
FR: 5.1. The competency levels shall be structured according to prerequisites.
FR: 6. The system shall display the competency levels of the player:
FR: 6.1. The system shall inform the player of his/her competency level.
FR: 6.2. The player shall be able to transfer to the next allowable level.
FR: 7. the system shall allow the player to navigate back to previous levels.
FR: 8. the system shall enforce the prerequisites among the competency levels.
FR: 9. the system maintain the highest scores of the users for each level.
FR: 10. The player shall have the option to finish the game.
FR: 11. The system shall display the final level attained by the player.
FR: 12. The system shall maintain an account for each player
FR: 12.1. The account shall have a unique name
FR: 12.2. The account shall contain progress information
FR: 13. The system shall detect deficiencies in the player performance.
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FR: 13.1 The system should report the deficiencies
FR: 13.2 The system should recommend actions.
FR: 14. The system shall maintain the information about the progress of the user.
FR: 15. The system shall provide feedback to the player.
FR: 16. The system shall reward the players.

A.2 Product Services

This game will provide the following services to the player:
• Several of environments to explore and learn from.
• Navigation through searching for and interacting with objects and collecting concepts.
• The ability to go back and forth between the game levels.
• Variety of concepts, such as those related to authentic environments children come into
contact regularly.
• Shapes, sounds, and images, and their connections to elaborate new cognitive structures.

A.3 Operating Environment

The game will be running on any personal computer operate on Windows and Mac
operating systems. It will be running on smart phones like Samsung smart phones( S3, S4,
Galaxy Note2), apple iphones (iphone4, iphone4s, iphone5) and Tablets like Samsung (Galaxy
Note 10, Galaxy Note 8 ), apple ipads and ipods, or any other device that uses the Android
operating system.
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A.4 Error Handling

We designed the game in a systematic way with a structured interface that clearly
defines the legal actions. Such a structured interface allows the player to perform only actions
allowable by the game, thus minimizing the risk of errors.
The system will provide familiar objects and actions for the child for avoiding miss
understanding of the meanings of the words and sentences. That will be handled by recognizing, searching and surveying for the words and sentences that the child already knows. The
system will show the child the object that he can play with to avoid repeating by mistake the
playing with the object by mistake. That will be handled by putting a cage on the object that
the child need to play with, then open the cage for the object that the child already played
with.

A.5 Foreseeable Functional Changes and Enhancements

Adding more excitement and challenges to increase the level of sophistication of the
player is one highly desirable feature. Another desirable feature is for the game to support
multipliers , such as having two players compete on the same level. We can also create a
ranking board of all our end-users (players) scores and levels to show off the success of the
players in a leader board.

A.6 Non-Functional Requirements

NFR: 1. the system shall be available all the time.
NFR: 2. the system shall be designed using Game-maker.
NFR: 3. the system graphics shall be designed using image editors (Adobe Photoshop Cs3,
Spriter 2D Animation Tool and Sai Painting Tool)
NFR: 4. the game application shall be running in at least one of these platforms: Windows
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OSs, Mac X OSs and Android OSs smart phones and tablets.
NFR: 5. the system shall be responsive.
NFR: 6. the game shall be fun.
NFR: 7. the feedback shall be encouraging.
NFR: 8. the feedback shall maintain the enthusiasm of player

A.7 Product Requirements
• Reliability: The system must have less than 1hr downtime per three months, as known
the at the Reliability associate with availability so the system should not take more than
1 hour to be repaired in case it is out of service.
• Portability: The software needs to be able to run on one specified operating system, for
example Windows XP.
• Memory size: It should easily be able to run on Windows XP system with 128 MB of
RAM.
• Response time: The response time spending on retrieving information from database
should be not more than 2.0 seconds.

A.8

Development Requirements

In this project we are using ArgoUML software tools to draw UML use case diagrams
and class diagrams. We are using Gantt Project tool to draw Gantt charts for project management part. We are using Adobe Photoshop to convert to digital images for the prototype and
graphics. Game Maker studio is used for developing the game.
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A.9

Foreseeable Non-Functional Changes

The player can challenge with his/her friends in multiplayer mode online. We will
provide more languages for the game to be used in the interface and for learning. That will be
done by adding a list of languages that the child can select from.
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Appendix B:

Tools

To implement the game model, we used some software shown in Figure B.1 ; Unreal
Engine, Golden Wave sound editor and Photoshop CS6. Our model is implemented using
Unreal Engine v.04, which is a 3D- built in software that allows the developers to drag and
drop the blocks of codes and connect them in order to activate the characters and give them
some functionalities to perform. Also, it allows the developers to import images, textures, 3D
models and sounds. The Unreal Engine contains; blueprints which represent classes, sounds,
meshes, maps, materials, particles and shapes. Also, it contains ready to run demos. As shown
in figure B.2. In Unreal Engine, textures, sounds, materials, shapes, properties and behaviors
can be assigned to the objects using Blueprints. In addition, Unreal Engine contains some
painting and sculpting tools that allow the developers and designers to build and construct
the game environment from scratch. The engine also allows the developers to import 3D
models as objects and assign functionalities to them. The game GUI including the graphics is
designed using Adobe Photoshop CS6. We used the sound editor, Golden Wave, to edit the
sounds that are assigned to the player.

Figure B.1: Tools

Figure B.2: Blueprints
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Appendix C:

Questionnaire

Figure C.1: VR Adult Experiment Questionnaire Sample (1)
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Figure C.2: VR Adult Experiment Questionnaire Sample (2)
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Figure C.3: VR Adult Experiment Questionnaire Sample (3)
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